Introduction
Recently, there has been an important progress on the course of searching for Higgs boson as a missing ingredient of the standard model (SM). The ATLAS and CMS Collaborations at CERN reported their observation on a Higgs-like particle with a statistical significance of 5σ [1] . Now, it is searched whether this Higgs-like boson is the standard or non-standard Higgs particle. The supersymmetry (SUSY) has been the most popular paradigm for new physics (NP) scenarios in the last decades. The recent progresses have stimulated the theoretical works dedicated to the study of how a relatively heavy Higgs constrains the parameters of SUSY (for a discussion see for instance [2] ). On the other hand, with these developments, we hope that we will have an experimental progress in searching for SUSY particles both directly by increasing the center of mass energy and indirectly by studying the flavor changing neutral current (FCNC) transitions.
In the present work, we theoretically analyze the semileptonic FCNC decay of the Λ b →
Λℓ
+ ℓ − in existing related different supersymmetric models. In principle, the SUSY particles can contribute to such loop level transitions. Hence, we look for the effect of superparticles in this channel via calculating some related observables like differential branching ratio and lepton forward-backward asymmetry (FBA). Due to the specific features, there are different SUSY scenarios such as SUSY I, SUSY II, SUSY III and SUSY SO(10) [3] [4] [5] [6] .
In these models, the Wilson coefficients receive contributions from neutral Higgs bosons (NHBs) that are proportional to tan 3 β, where tanβ has been defined as the ratio of the vacuum expectation values of two neutral Higgs bosons (h 0 , A 0 ). According to the tanβ and an extra parameter µ with dimension of mass corresponding to mass term mixing of two Higgs doublets, the different SUSY models are categorized. In SUSY I, the µ takes negative value, some of the Wilson coefficients change their signs and the contributions of NHBs have been neglected. In SUSY II, the tanβ takes large value while masses of the superparticles are small in order of a few hundred GeV. In SUSY III, the tanβ is large and the masses of the superparticles are relatively large up to 450 GeV or more. In SUSY SO(10) model, the imaginary parts of the Wilson coefficients are large and the NHBs contributions are considered.
In the last year, the CDF Collaboration at Fermilab [7] has reported the first observation on the baryonic FCNC transition of Λ This decay channel is in the focus of different experiments like LHCb at CERN [8] . Hence, theoretical and phenomenological predictions on the observables defining this channel can 
where G F is the Fermi coupling constant, α em is the fine structure constant at Z mass scale, 
where the new Wilson coefficients, C Q 1 and C Q 2 exist in the all considered SUSY models, while the primed coefficients only appear in SUSY SO(10) scenario.
The amplitude is obtained by sandwiching the new effective Hamiltonian between the initial and final baryonic states, i.e.,
where p Λ b and p Λ are momenta of the Λ b and Λ baryons, respectively. To proceed, we need to calculate the following matrix elements parametrized in terms of twelve form factors in full theory:
and, Using the above transition matrix elements in terms of form factors, we find the supersymmetric amplitude as
where R = (1 + γ 5 )/2 and L = (1 − γ 5 )/2 and the calligraphic coefficients are found as
(2.12)
3 Differential decay rate, branching fraction and FBA
The differential decay rate
In this part, we calculate the differential decay rate for the decay channel under consideration. Using the aforementioned amplitude, we find the supersymmetric differential decay rate in terms of form factors in full theory as:
where
Here also z = cos θ with θ is the angle between momenta of the lepton l + and the Λ b in the center of mass of leptons. The calligraphic,
and T 2 (ŝ) functions are obtained as:
14)
In order to obtain the differential decay rate only in terms ofŝ, we fulfill integrate Eq.(3.13) over z in the interval [−1, 1]. As a result, we get
The differential branching ratio
Using the differential decay rate, in this subsection, we numerically analyze the differential branching ratio and calculate the values of the branching ratios at different lepton channels.
For this aim, we need sum inputs which we would like to present them here. In Table 1 , we present the masses [9] as well as the lifetime of the initial baryon [9] , some constants and elements of the CKM matrix.
The main inputs in our calculations are form factors. These form factors are calculated via light cone QCD sum rules in full theory in [10] . The fit function for the form factors Table 1 : The values of some input parameters used in the analysis.
is given as [10] :
where the fit parameters a, b and m 2 f it as well as the values of the related form factors at q 2 = 0 in full theory are given in Table 2 . Furthermore, the fit function of the form factors f T 1 and g T 1 is given by [10] :
where, the parameters c, m
f it as well as the values of the corresponding form factors at q 2 = 0 are presented in Table 3 .
In our numerical analysis, it is important to emphasize that the Wilson coefficient C ef f 9
has been taken to contain also the long distance (LD) effects coming from the charmonium resonances. These effects are parameterized using the Breit-Weigner ansatz as [11] [12] [13] : Table 2 : The parameters in the fit function of the form factors Table 4 . 304 × 10 −6 Table 4 : The values of masses, branching fractions and total decay widths related to the resonances J/ψ(1s) and ψ(2s) [9] .
Considering the above mentioned resonances from J/ψ family, we divide the allowed physical regions into the following three regions in the case of the electron and muon as final leptons:
In the case of τ , we have the following two regions:
Finally, we would like to present the numerical values of the Wilson coefficients used in numerical calculations in Table 5 . Having given all the inputs, we now present the dependence of the differential branching ratio onŝ for the e, µ and τ leptons in the SM and different SUSY scenarios in • in all lepton channels, the predictions of the SUSY II deviate maximally from those of the SM and other considered SUSY models. In the case of τ , this deviation reaches to approximately one order of magnitude.
• As far as the e and µ are concerned, the results obtained via the SUSY I have also considerable deviation from the predictions of the other models.
• In the case of τ as final lepton, we see sizable differences between all models' predictions. The nearest results to the SM correspond to the SUSY I and III. 1.12 × 10 
The branching ratio
Integrating the differential branching ratio overŝ in the considered regions and taking into account the central values of the form factors, we find the branching ratios for various models as presented in Tables 6, 7 and 8 for different lepton channels. A quick glance at these Tables leads to the following results:
• as it is expected the values of the branching ratio decrease when going from the e to τ .
• The order of branching ratios indicates that these channels are accessible at the LHC.
Note that as we have already mentioned this decay channel has been observed by CDF Collaboration at Fermilab in µ channel [7] .
• All SUSY models have predictions considerably different than those of the SM in all regions and at all lepton channels.
• The maximum deviation from the SM results belongs to the SUSY II model. When considering the numerical values, the maximum deviation of the SUSY II result from the SM prediction corresponds to the region II for τ channel. In this case, the result of the SUSY II is approximately 6 times greater than that of the SM.
The FBA
The lepton forward-backward asymmetry (A F B ) is defined as:
where N f is the number of moving particles to forward direction and N b is the number of moving particles to backward direction. In technique language, the lepton FBA is written in terms of the differential decay rate as:
Using this definition, we plot the dependence of the lepton FBA onŝ for e, µ and τ channels in the SM and different SUSY models in Figures 3 and 4 . From these figures which are also plotted considering the central values of the form factors, it is clear that,
• in the case of the e and µ channels, the SUSY I and II behave different than the other models. In these channels for the small values of theŝ, the maximum deviation belongs to the SUSY I, however, for higher values of theŝ the maximum deviation corresponds to the SUSY II.
• In τ channel, the maximum deviation from the SM prediction belongs to the SUSY III. • The zero points of the FBA in different SUSY models move slightly to the left compare to the SM predictions. In some regions, the SUSY I, II and III have different signs with the SM predictions.
• The SUSY SO(10) represents overall the closest results to the SM predictions.
The physical quantities under consideration taking into account the uncertainties of the form factors
In this subsection, we would like to consider the above mentioned physical quantities taking into account the uncertainties of the form factors and discuss the effects of these errors on the results. • as far as the differential branching ratio are concerned, at the e and µ channels, the band of SUSY SO (10) (1.12 ± 0.56) × 10 coincide anywhere with the SM result.
• • As it is expected, the forward-backward asymmetry and in particular its zero-crossing points are more robust than the differential branching ratio such that they are not approximately affected by the uncertainties of the form factors. This is the case also
Now, we discuss the effects of the uncertainties of the form factors for the branching ratios at different regions and for different models. Taking into account the errors of form factors, we present the values of branching ratios at different channels in Tables   9, 10 
Conclusion
In the present work, we have calculated the amplitude and differential decay rate for the in general, we observed considerable deviations from the SM predictions. In the case of the (differential) branching ratio, the maximum deviations from the SM predictions belong to the SUSY II scenario. As far as the FBA is concerned, at e and µ channels and lower values of theŝ, the maximum deviation belongs to the SUSY I, however, for the higher values of theŝ and the same lepton channels, the maximum discrepancy corresponds again to the SUSY II model. Taking into account the uncertainties of the form factors, we have observed that the branching ratio is more affected by these errors. The bands of the SUSY SO(10) approximately cover the SM bands at the e and µ channels. For other SUSY models and all lepton channels, although we have seen some intersection regions between different SUSY bands and the SM predictions, there are considerable discrepancies between the SM and SUSY models predictions. Especially, at τ channel, there is a big discrepancy between the SUSY II and the SM bands. When we consider the FBA, the uncertainties of the form factors do not affect this quantity and its zero-crossing points. We see overall a considerable discrepancies between the narrow bands of the different considered SUSY models and that of the SM. Such discrepancies can be considered as a signal for existence of the supersymmetric particles.
The orders of the branching ratio at all lepton channels and all the considered regions of q 2 depict that these decay channels can be checked at LHC in near future. Note that as we have also previously stressed, this channel for µ case has been observed recently by CDF Collaboration at Fermilab. We are waiting for the LHCb Collaboration results on these channels, which they have in their physics program [8] .
Comparison of the experimental results on the branching ratio as well as the FBA with the predictions of the present work, especially determination of the sign and zero-crossing points of the FBA, which have not been affected by the errors of the form factors, can help us get valuable information about the existence of the SUSY particles.
As we have already noticed, in numerical analysis, we have used the values of the Wilson coefficients presented in Table 5 
